The biogeography and ecology of decapod crustaceans was described for the higher latitudes of the Southern Ocean. The analyzed area included the transitional or antiboreal region of the South American continental shelves (south of about 42°30'S), the Antarctic continental shelves, the Subantarctic islands of the Scotia and the Kerguelen Arcs, the deep sea south of about 42°S and the pelagic realm between the Subtropical Convergence and the Antarctic continent. A broad base of own data and a review of the literature revealed the presence of 98 benthic decapod species in the entire area, with 92 species on the continental shelves and around the Subantarctic islands, and 6 species in the deep sea. A total of 34 decapod species live in the pelagic system south of the Subtropical Convergence. About 50 % of the benthic species, nearly all deep-sea species, but only one pelagic decapod are endemic in the analyzed sectors of the Southern Ocean. Eualus kinzeri (Caridea: Hippolytidae) is the only endemic decapod of the Antarctic continental shelves. By means of a multivariate cluster analysis the antiboreal decapod fauna of South America was separated from the species living around Antarctica and the Subantarctic islands of the Scotia and Kerguelen Arc. In contrast to earlier studies the northern distribution limit of the Antarctic decapod fauna was set at approximately 55°30'S, and includes species which are distributed on the southern tip of South America. The species number in the antiboreal region of South America is 79, and higher than known before. The caridean shrimps are the most numerous group within the entire area, and together with the anomuran crabs, the palinuran and astacuran lobsters they demonstrate a high degree of eurybathy compared to the Brachyura. The restriction of the Brachyura to shallow-water zones is discussed as one reason, that caused the absence of this group on the Antarctic continental shelves after the successive elimination of the shallow-water fauna during glaciation of the southern hemisphere.
INTRODUCTION
Decapod crustaceans belong to taxa of minor presence and diversity in the higher latitudes of both hemispheres (Abele, 1982; Briggs, 1995) . When marine researchers began paying attention to the southernmost parts of the oceans, records of decapods were extremely scarce (Yaldwyn, 1965) , and when the first bottom hauls were taken in Antarctic waters, it was thought that this group of crustaceans was more or less absent from the continental shelves of Antarctica. Compared to the 24 species obtained at various locations in the Southern Ocean during the expeditions of the "Challenger" (1873-1883), the two caridean shrimp species caught by the expedition of the German Polar Commission at the South Georgia Islands (Pfeffer, 1887) represented a very poor result. Later on, some more species were found during several expeditions to Antarctic and Subantarctic waters, but the first impression of a poor Antarctic decapod fauna prevailed for many years. When intense and continuous research programmes included also the high Antarctic waters, surprisingly, some large shrimp hauls were taken between 71°and 78°S in the south-eastern Weddell Sea (Voß, 1988; Arntz and Gorny 1991) . Nevertheless, for a long period it was thought that south of the Antarctic Convergence all reptant decapods such as anomuran or brachyuran crabs were completely absent (Yaldwyn, 1965; Zarenkov, 1968; Kirkwood, 1984) . Meanwhile, a few specimens of lithodid crabs have been found even far in the south (Klages et al., 1995) , but still it has been impossible to define the southernmost distribution limit of these decapods.
The recent absence of many groups of decapods in Antarctic waters is in contrast to fossil records. Fossil decapods have been found at various locations around the Antarctic Peninsula and indicated the presence of brachyuran crabs and a thalassinoid during the late Eocene (Zinsmeister and Feldmann, 1984; Clarke and Crame, 1992) . Consequently the question arose why these groups are missing today. Within this context it was of special interest how some species of caridean shrimps manage successfully to sustain the extreme conditions close to the Antarctic continent, and various studies on the biology, physiology and ecology of Antarctic and Subantarctic decapods were initiated (Clarke, 1979; Gorny, 1989; Bruns, 1992; Gorny et al., 1993) . A precise knowledge of the recent distribution patterns of decapods in the Southern Ocean would enable us to proceed with more complex physiological and ecological approaches to explain the presence or absence of decapods within the different geographic areas.
The difficulty to describe the biogeography of marine invertebrates in the higher latitudes of the Southern Ocean has been outlined by various authors (see Crame, 1996 and citations therein). The higher latitudes of the Southern Ocean comprise the area between Antarctica and South America, including all the islands around the Antarctic continent. According to Ekman (1953) , the parts of the South American continent south of 42°S on the Pacific coast and of 35°on the Atlantic side were treated as transitional zones or antiboreal regions, as was the southern part of New Zealand (south of the Cook Strait). Obviously the separation into biogeographic regions, and the definition of distribution limits, varies with the object of interest and has led to different models of biogeographic zonation. Commonly the Antarctic continental shelf and the surrounding islands were treated as separate zoogeographic regions (Hedgpeth, 1969 (Hedgpeth, , 1970 Dell, 1972) . The Magellan region, located at the tip of South America, was either seen as a subregion of the Antarctic (Hedgpeth, 1970) , or to bear a distinct fauna (Knox and Lowry, 1977; cf. Brandt, 1991) . Crame (1996) set the northern limit of the Antarctic fauna at 50°S, when he described the origin and evolution of molluscs in the Southern Ocean. Former studies on the biogeography of decapods separated an antiboreal fauna with the provinces of South America and South New Zealand from the fauna that is distributed on the Antarctic continental shelves (Holthuis, 1952; Yaldwyn, 1965; Zarenkov, 1968) . Chiloé Island (Pacific), the mouth of the Rio de la Plata (Atlantic), and the Cook Strait (New Zealand) were identified as the northern boundaries of the antiboreal regions (Holthuis, 1952) , and the Antarctic Convergence as the northern limit of the Antarctic decapod fauna (Zarenkov, 1968) . The decapod fauna of the islands of the Kerguelen Arc was treated as a separate Subantarctic fauna and South Georgia was seen as a subprovince of the Antarctic region (Zarenkov, 1968; Yaldwyn, 1965) .
The basic idea of this paper is to describe the recent patterns of distribution of decapod crustaceans in the higher latitudes of the Southern Ocean, i.e. between the antiboreal region of South America towards Antarctica. Ecologial aspects were included, since the increase of studies in southern Chilean waters Mutschke and Gorny, 1999) allowed a more precise comparison of decapod ecology along the latitudinal gradient from South America towards Antarctica. Moreover, knowledge on Antarctic benthic ecology has increased throughout the past 20 years (cf. . Low water temperatures were seen for a long time as the most important factor steering the biology of marine cold-water organisms (Clarke, 1987) . Therefore the commonly used definition of the antiboreal or transitional regions, located between the Subtropical and Antarctic Convergences (Ekmann, 1953) , followed oceanographic features. However, various studies, carried out during the last decade in Sub-and high Antarctic waters have made it likely that the extreme seasonal variations of the annual food supply, i.e. the input of energy, may strongly influence the production and productivity of Antarctic invertebrates , among them the populations of Antarctic shrimps (Bruns, 1992; Gorny, 1992; Gorny et al., 1993) , whereas water temperature per se may only play a minor role (cf. Clarke, 1987) . Finally, the results are discussed against the palaeozoogeographical background, to interpret the recent distribution patterns of decapod crustaceans in the Southern Ocean.
DATA COLLECTION AND ANALYSES
This paper summarises data from numerous expeditions carried out in Antarctic and southern Chilean waters during the last decade and of the most important expeditions in the higher latitudes of the Southern Ocean, starting with the voyage of the "Challenger", undertaken in the last century. The expeditions, their main working areas and the number of species found during the campaigns since 1873 are summarized in Table 1 . Figure 1 Garth (1957) , Haig (1955) Island and the channel between 41°and 42°S " Ob" and "Ivan Nosenko" 1956 -1963 ASW, PSW, IPS: 41°-79°S and 166°E-189°W 14 Zarenkov (1968 ) USNS "Eltanin" cruises 1962 -1972 PSW: 33°-69°S and 74°-162°W 10 Wasmer (1986 ) "Walther Herwig" and "Shinkai Maru" 1978 -1979 The accumulated data provided a precise documentation of position and depth from about 700 locations. Various studies on the biology of Antarctic decapods have been carried out around South Georgia and the South Shetland Islands (Clarke, 1979; Makarov, 1970; Otto and MacIntosh, 1992) and own collections from several places in the Straits of Magellan and the Seno Otway (southern Chile), obtained since 1996, complete the data. General accounts on the decapods of Chile and Argentina and the Southern Ocean decapod fauna were used to complete the information (Lenz and Strunck, 1914; Borradaile, 1916; Boschi, 1964; Yaldwyn, 1965; Zarenkov, 1968; Birsthein and Vinogradow, 1968; Boschi, 1973 Boschi, , 1976 Boschi et al., 1992; Vinuesa, 1977; Retamal, 1981 Retamal, , 1994 Kirkwood, 1984; Lemaitre and McLaughlin, 1992; Wehrtmann and Carvacho, 1997; Spivak, 1997) . Data from South New Zealand and the Auckland and Chatham Islands, updated by Dr. McLay, have been included with restriction to those species, which also occur in South America, Antarctica and around the IndoPacific islands.
The present study includes the revision of some species and uses the actual systematics of decapod crustaceans (cf. Kaestner, 1993) . Most problematic in the entire area was to distinguish between Nematocarcinus longirostris and N. lanceopes. Due to the revision of Tiefenbacher (1990) it was possible to re-analyze the original distribution data of Bate (1888) and Zarenkov (1968) . The systematics of the stone crabs (Lithodidae) changed after the revision by MacPherson (1988) . Formerly, the abundant crab Lithodes santolla was named L. antarcticus, and Lithodes murrayi and L. turkayi were considered to be different species, but now both refer to L. turkayi (cf. Retamal, 1992) .
A multivariate cluster analysis (PRIMER, Clarke and Warwick, 1994) of presence / absence data related to geographic areas, was performed to describe the biogeography of the benthic species.
The ecological part was based on available results on bathymetric distribution ranges, information on the habitats and the feeding biology of the most common species. About 620 of the analyzed locations refer to benthos samples and covered the range between 0 to 3935 m depth. However, most of these records were made on the continental shelves and upper continental slopes (between 0 and 1000 m depth) and less than 10 % of the samples were obtained in the deep sea. The decapods were collected by means of hand sampling in the intertidal zones, by scuba diving and with various types of gear at greater depths. Additionally, decapods have been documented with underwater photography in Antarctic waters Gutt et al., 1994) and by means of a video camera system in parts of the Magellan region (Gorny, 1998) . A total of 110 hauls, carried out with various plankton nets and pelagic gear between the surface and 5395 m depth, provided information about the pelagic species.
Qualitative information on the substrate type was available from about 382 locations. Due to a large variety of classification by the authors, the description of the habitats used in this study was reduced to a separation between soft bottoms (mud, sandy mud, sand) and hard substrata (rocks, stones and boulders), and epibenthic coverage of algal material (detritus), macroalgae, debris (bryozoans, hydrozoans, molluscs) or sponges.
SPECIES NUMBER AND COMPOSITION OF DECAPOD CRUSTACEANS IN THE HIGHER LATITUDES OF THE SOUTHERN OCEAN
A total of 132 decapod species belonging to 32 families and 79 genera are distributed in the entire area of the antiboreal region of South America, around the Subantarctic islands and Antarctica. Altogether, decapods are represented by the infraorders Penaeidea, Caridea, Astacidea, Thalassinidea, Palinura, Anomura and Brachyura. As shown in Figure 2 , caridean shrimps are the group richest in species; they contribute about 34 % of all benthic and pelagic species. Brachyuran crabs are the species richest group in the benthos, and with exception of the "Columbus crab" Planes minutus (Brachyura: Grapsidae), all pelagic species belong either to the caridean shrimps or to the penaeid prawns. Taxonomic diversity on infraorder level is comparatively low: Most species belong either to the Caridea, Anomura or Brachyura, and 6 families represent about half of all species. On higher taxonomic level diversity increases. The Sergestidae (Penaeidea), the Oplophoridae, the Hippolytidae (Caridea) and the Majidae (Brachyura) have ≥ 10 and the genera Sergestes (Penaeidea), Acanthephyra, Hymenodora (Caridea), Paralomis, Munida and Pagurus (Anomura) ≥ 4 species each. The benthic decapods demonstrate less taxonomic diversity compared to the pelagic species.
Most of the species (92) live on the continental shelves and upper slopes, less are distributed in the pelagic realm (34) and only few (6) inhabit the deep sea ( Table 2) and the Atlantic sectors of the Southern Ocean, whereas the number of pelagic decapods declines from the Indo -Pacific to the Pacific and Atlantic sectors. The majority of the benthic species (79) is distributed in the transitional or antiboreal region of South America, 17 species occur around the islands of the Kerguelen Arc and only 12 south of the Antarctic Convergence. Also, less than one third (12) of the pelagic species appears south of the Antarctic Convergence.
The 79 benthic species of the South American antiboreal region comprise 27 families and 55 genera. Planes minutus and another 5 pelagic species are also present in the channels and fjords of southern Chilean waters. Species richness of benthic decapods is slightly higher in the Pacific than in the Atlantic, and the Brachyura are the most numerous infraorder on both sides of the continent. However, they are less diverse than the Caridea or Anomura. The benthic decapod fauna around the islands of the Kerguelen Arc is dominated by the Anomura. All 17 species occur around the Marion and Prince Edward islands, four around the Macquarie islands, and one species is known from the Crozet and Kerguelen islands.
Only caridean shrimps and anomuran crabs appear south of the Antarctic Convergence. Some larvae of the palinuran lobster Stereomastis suhmi (Palinura) have been caught in surface waters close to South Georgia (Tiefenbacher, 1994) , but since no adult specimens have been recorded, the full presence of this species south of the Antarctic Convergence remains doubtful. Anomura are the most diverse group and the Hippolytidae are the most diverse family. West Antarctica bears more species compared to the eastern sector and from South Georgia 5 species of 4 families and genera are known.
The 6 deep -sea species belong to 5 families and genera and represent the Penaeidea, the Caridea and the Astacidea. All occur in the Indo -Pacific sector, whereas only 3 of them are present in the Pacific and 2 in the Atlantic sectors. The 34 pelagic species belong to the Penaeidea, Caridea and Brachyura and consist of 4 families and 12 genera. The pelagic decapod fauna is more diverse in the Indo -Pacific sector than in any of the other areas of the Southern Ocean and diversity of the families is higher north than south of the Antarctic Convergence.
HORIZONTAL DISTRIBUTION AND ENDEMISM
The southernmost distribution limit of more than half the benthic species is located at about 55°30'S ( Table 2 ). The caridean shrimp Campylonotus vagans (41°-56°S) is the only species with a distribution range that extends between the temperate waters north of the antiboreal region of South America and the waters south of the Antarctic Convergence. In contrast, most of the pelagic species are distributed between the Subtropics and the Antarctic continent.
Only about one-third (29) of the benthic species are endemic between the northern boundary of the South American antiboreal region and Antarctica. Endemism is higher around the Kerguelen Arc and comparably low on the Antarctic continental shelves. The only benthic species, which is endemic south of the Antarctic Convergence is the caridean shrimp Eualus kinzeri (Hippolytidae). All 5 species known from South Georgia are distributed between the Antarctic and South American continental shelves. Paralomis anomerae (Anomura) is the only endemic species of the Falkland Islands.
Endemism of the deep-sea decapods is high (cf. The distribution range of most pelagic species extends to the tropical zones of South America, Africa and Asia, or even towards the Arctic seas (Sergestes arcticus and Acanthephyra pelagica). More than 50 % of them are endemic in the IndoPacific Ocean, less in the Pacific and none in the Atlantic Ocean. Pasiphaea dofleini is endemic along the Chilean coast, and P. acutifrons and A. approxima occur in the Pacific Ocean off Japan and Chile.
BIOGEOGRAPHY OF THE SOUTHERN OCEAN DECAPOD FAUNA
The decapod fauna of the southern parts of the continental shelves of South America, around Antarctica and the Subantarctic islands of the Kerguelen Arc splits into an antiboreal and an Antarctic fauna as shown by the dendrogram of the multivariate cluster analyses (Fig. 3) . Cluster A groups the species from the Antarctic continental shelf, South Georgia Islands, the islands of the Kerguelen Arc and from the southernmost tip of the South American continental shelf. The second group (cluster B) includes the antiboreal region of South America and separates the Pacific from the Atlantic fauna (Group I and II). Cluster B demonstrates a high similarity of species composition in the subtropical and temperate regions of the Pacific Ocean, but separates the antiboreal regions. In contrast, the species composition of group II shows a high degree of similarity between species composition in the temperate and antiboreal region of the Atlantic Ocean.
DECAPOD BIOGEOGRAPHY IN THE SOUTHERN OCEAN 375   FIG. 3. -Dendrogram of the cluster analysis based on presence / absence data. The figure demonstrates a high degree of dissimilarity between group A and B, and suggests that the decapod species from the islands of the Kerguelen Arc and the southern tip of South America should be included within the Antarctic fauna. The dissimilarity between group I and II separates the Atlantic and Pacific
Provinces from the antiboreal South American fauna.
According to the results of the cluster analysis, the northern decapod boundary of the Antarctic region lies on the southern tip of the South American shelf (55°30'S) and 44 species are distributed between the Antarctic and South American continental shelves, including the islands of the Kerguelen Arc and South Georgia (cf. Table 2 ). The majority (19 species) is distributed in the Pacific and in the Atlantic, 12 species are endemic in the Pacific and Indo -Pacific sectors, 9 species occur in all three sectors and only 3 species are endemic in the Atlantic Ocean. Anomura (with 46 % of all species) and Caridea (39 %) are the dominant and taxonomically most diverse groups, whereas the Brachyura (14 %) are less diverse. The Palinura appear on the southernmost tip of South America with one species. The most diverse families with 8 species each are the Hippolytidae (Caridea) and Lithodidae (Anomura), and Paguridae and Galatheidae (Anomura) are represented by 5 species each.
The antiboreal region of South America, located between the temperate areas and the southernmost tip of the South American continental shelf, contains 48 endemic species. The Pacific South American Province extends along the Chilean coast from south of Chiloé Island towards south of the Beagle Channel (42°30-55°30 S). The Atlantic Province extends from Uruguay (appr. 35°S) to the southern tip of Tierra del Fuego (55°S), and includes the Falkland Islands (Malvinas). Most species (22) are endemic in the Pacific Ocean, 17 in the Atlantic, and only 9 species occur on both sides of the continent. Brachyuran crabs represent 58 % of all species in this area, and in terms of species are dominant in the Pacific as well as in the Atlantic, followed by Anomura (20 %), and caridean species (< 1 %) only play a minor role. The most diverse families are the Majidae with 8 species, and the Xanthidae with 5 species (all Brachyura).
Except Nematocarcinus longirostris, which occurs also close to the South African continental shelf, all deep-sea species are endemic in the higher latitudes, but N. lanceopes and Thymops birsteiniiextend their vertical distribution range to the continental shelves of Antarctica and South America, respectively.
The entire open ocean south of the Subtropic Convergence comprises a pelagic fauna, without any clear geographic separation (cf . Table 2d ).
ECOLOGY
Caridean shrimps occur from the intertidal zone towards the deep sea (0-3934 m depth) and cover the largest range of vertical distribution as shown in Figure 4 . Eurybathy was also demonstrated by the astacuran and palinuran lobsters, whereas the anomuran and brachyuran crabs, also present in the intertidal, are restricted to the continental shelves and upper continental slopes. Eurybathy is most pronounced in all species of the Antarctic region and many of them cover a vertical range of several hundred metres of depth, whereas the majority of the species in the antiboreal region live above 200 m depth (cf. Fig. 4) . The antiboreal and the Antarctic shrimp species reveal distinct vertical distribution ranges, whereas the Paguridae occur at similar depths north and south of the boundary (cf. Table 2 ). The majority of the analyzed species is associated with soft bottoms, or live on sandy or muddy grounds covered by boulders, rocks or debris (Fig.  5) . Predominantly the brachyuran crabs prefer soft bottoms. In contrast, caridean shrimps show a higher substrate variability, and are associated with debris, sponges, or live on soft bottoms covered with sedimented material (detritus).
The antiboreal region of South America (Pacific) is dominated by 6 species. The predatory crabs Acanthocyclus albatrossis and Halicarcinus planatus are the most common decapod species in the intertidal zones and H. planatus is also common on the shores around the Kerguelen Arc and the Auckland-Chatham islands. This small crab, of only few cm body size, occurs underneath the stones on muddy grounds. Abundance estimates from Laredo Bay, Strait of Magellan, indicate mean densities of 5 individuals per m 2 (Gorny, unpubl. data) . Shallower depths (< 50 m ) are inhabited by various members of the anomuran hermit crabs and some species of the Majidae. The omnivorous masked crab Eurypodius latreillii is common on sandy bottoms covered by stones or kelp, and is replaced on stony and rocky bottoms by the large predators Lithodes santolla and Paralomis granulosa (Lithodidae). Sandy bottoms without epibenthic structures are the typical DECAPOD BIOGEOGRAPHY IN THE SOUTHERN OCEAN 377 FIG. 5. -Habitat preference of the most dominant infraorders (a) and common species (b) of the Southern Ocean decapod fauna. Both graphs illustrate a higher variability of caridean shrimps and anomuran crabs, whereas the analyzed brachyuran crabs predominantly occur on soft bottoms without any or with less epibenthic coverage. The reference numbers refer to those given in Tab. 2. habitat of Peltarion spinosulum, another predatory crab of several cm body size (Gorny, unpubl. data) . The abundance of P. spinosulum south of the Beagle channel (Navarino Island, Bahía Windhond) was about 1 individual per m 2 (Gorny, 1998) . Exact estimates of the abundance of the lithodid crabs are not available, although both are exploited species. However, about 1.000 t of each species were landed during 1996 in the Magellan region (Chile, Oyarzún, pers. comm.). Munida subrugosa seems to be the most abundant decapod species between the Strait of Magellan and Cap Horn. This detrivorous anomuran crab lives on mud or sand and maximum densities of about 30 individuals per m 2 have been documented visually south of the Beagle channel (Gorny, 1998; Gutt pers. comm.) .
Species composition changes at the southern boundary of the antiboreal fauna. The majid crabs and Peltarion spinosulum are replaced as dominants by several species of caridean shrimps. However, except the detritus feeder Campylonotus semistriatus, most of them seem to be less abundant. Some larger hauls, carried out with an Agassiz trawl close to the upper continental slope of South America (south of Isla Nueva) yielded several kilogrammes of this caridean shrimp . Towards greater depth, the ecological niche of C. semistriatus is held by Nematocarcinus lanceopes. This large deep -sea shrimp of several cm body size also feeds predominantly on detritus (Gorny, 1992) . N. lanceopes is one of the most abundant caridean decapods of Antarctic waters with maximum densities of 5 specimens per m 2 in the south-eastern Weddell Sea, compared to maximum densities of about 1 individual per m 2 of Chorismus antarcticus and Notocrangon antarcticus . South of the Drake Passage and around the Antarctic continent, N. antarcticus holds the position of omnivorous and detritivorous decapods, whereas C. antarcticus is the most abundant predatory decapod on the Antarctic continental shelves (Gorny, 1992) .
DISCUSSION
A total of 132 decapod species were described from the antiboreal region of South America, the Subantarctic islands and the Antarctic continental shelves, i.e. the higher latitudes of the Southern Ocean. Compared to earlier literature, one remarkable result is the presence of 24 species south of the Antarctic Convergence, among them 12 pelagic decapods. Yaldwyn (1965) described 9 decapod species from Antarctic waters, and Zarenkov (1968) found 5 benthic species in his samples from the Antarctic continental shelves. However, after the revision of the Nematocarcinidae (Tiefenbacher, 1990) it became obvious that his material contained only one species of this family, instead of two. Arntz and Gorny (1991) reported the occurrence of 5 benthic and 3 pelagic species from the Weddell Sea shelf. Tiefenbacher (1994) found 7 species in pelagic samples taken south of the Antarctic Convergence, among them the Eryoneicus stages of Stereomastis suhmi, but an adult specimen was never caught on the ground.
A review of the various internal reports and recent publications from South America as well as the numerous hauls taken during the last 3 years in southern Chilean waters (cf. Arntz et al., 1999) increased the number of decapods known from the antiboreal region of South America, when compared to the data of Zarenkov. The benthic fauna of the Kerguelen Arc was object of intensive investigations during the past decade , which again increased the number of known decapod species.
In contrast to the former study of Zarenkov (1968) , the southern boundary of the antiboreal South American fauna was set at 55°30'S in this study. A comparison of his description on the biogeography of the Southern Ocean decapod fauna with the results of this study is illustrated in Fig. 6 . Due to only one endemic species, and the results of the cluster analysis, which summarized all species distributed between the Antarctic and South American continental shelves, I felt that the existence of a separate Antarctic shelf fauna should be rejected. However, when Zarenkov (1968) separated the decapods living on the Antarctic shelves from those of the antiboreal regions of South America, South New Zealand and the Kerguelen, the benthos of the Magellan region and of the Kerguelen Arc was not well known. The numerous investigations in these areas, undertaken during the last years, have shown that, with one exception, all decapods of the Antarctic continental shelves extend their distribution range towards the southernmost tip of South America. The cluster analysis, performed on a broad base of information, demonstrates the high degree of decapod dissimilarity between the Antarctic and the antiboreal region. An elimination of the few species, which are widely distributed in the Atlantic and Pacific Ocean, will reduce the similarity to a minimum. Species compo-sition of other crustaceans such as amphipods and isopods is different on both sides of the Drake Passage and the Magellan region is treated as a separate zoogeographic area (Knox and Lowry, 1977; Brandt, 1991; De Broyer and Jazdzewski, 1996) , whereas Crame (1996) included the southernmost tip of South America, when he described the Antarctic molluscan fauna. The boundary he set is located at approximately 50°S and includes the Falkland Islands. As outlined by the dendrogram, the decapod fauna of these islands is related with the Argentinean shelf and not with the Antarctic. The separation of the antiboreal decapod fauna of South America from a temperate one agrees with the results of Holthuis (1952) and Brattström and Johannsen (1983) . Based on the distribution patterns of 240 species of different invertebrate taxa Brattström and Johannsen defined a coldtemperate fauna, distributed between 42°30' and 56°S, when they described the zoogeography of the marine benthic fauna of Chile. Wehrtmann and Carvacho (1997) found that more species of the temperate waters extend their distribution range towards the south of Chiloé than assumed before. Therefore, it seems possible that the boundaries between the temperate and antiboreal decapod fauna of Chile underwent a shift towards the south.
The species composition of the Auckland/Campbell Islands and the antiboreal region of South New Zealand was not included in this study. However, 5 species of the Antarctic region (Nauticaris magellanica, N. marionis, Munida subrugosa, Lithodes turkayi, Halicarcinus planatus), and also members of the genera Pontophilus, Cancer and Eupagurus (Stephensen, 1927) appear among the 16 species of the Auckland and Campbell Islands (Zarenkov, 1968 Species richness of the decapod fauna is low in the antiboreal South American region and around Antarctica compared to lower latitudes. A similar decrease of species number towards the south pole is known in ostracods, cirripedes and stomatopods (Abele, 1982) . Species richness of decapods also declines longitudinally, if the total of 79 species which occur in the antiboreal region of South America, are compared with the approximately 130 species of the antiboreal South New Zealand region (Zarenkov, 1968) . However, the latter region may offer more ecological niches than the fjords and channels along the South American coast, with the influence of a large glacier field along the Chilean side, and strong water currents in the Straits of Magellan and the Beagle Channel.
If one accepts that in terms of decapods, the northern boundary of the Antarctic region lies on the southern tip of the South American shelf, brachyuran crabs are now included in the Antarctic decapod fauna, but Halicarcinus planatus is the only brachyuran, which occurs close to the Antarctic Convergence. However, from an ecological point of view, the absence of Brachyura from the Antarctic continental shelves is not that surprising. As shown in Figure 4 , most brachyuran crabs are restricted to shallower depths (above 200 m) and most of them seem to prefer sandy or muddy grounds. Although comparably little information was available on the South American species, the occurrence on soft bottoms in shallow waters is typical of the majority of this group (cf. Kaestner, 1993) . The successive events of glaciation with elimination of the shallowwater fauna on the Antarctic shelves (Clarke and Crame, 1992) have probably wiped out the brachyurans, and nowadays most areas south of the Antarctic Convergence offer conditions, which are probably unfavourable for brachyuran crabs. In most parts around Antarctica, soft bottoms occur at depths below 200 m, and the few shallow water habitats, as around the Antarctic Peninsula, are characterized by strong disturbance of anchor-ice and icebergs throughout the year . The fjords in front of the Patagonian icefield reveal similar conditions, with soft bottoms at greater depths and with reduced shallow-water zones, and recent investigations have demonstrated the absence of brachyuran crabs in this particular environment (Mutschke and Gorny, 1999) . In contrast, caridean shrimps seem to be better adapted to live on various types of substrates, i.e. they may occupy more ecological niches as compared to the brachyuran crabs.
Low species richness of decapods in the deep sea is in contrast to the distribution patterns shown by amphipods and isopods. These groups of crustaceans may have survived the several periods of extensive glaciations of the Antarctic shelf by migration and emigration in and from the deep sea to the Antarctic continental shelf (Brandt, 1991) . Only the caridean shrimps, the few astacidean and palinuran lobsters and a few species of the anomuran crabs show extreme eurybathy among the decapods analyzed in this study, which indicates their capacity to migrate to greater depths like other groups of invertebrates did (Brey et al., 1996) . Adaptation of the life cycle also seems to be an important factor to extend the distribution range. For example, the deep-sea shrimp Nematocarcinus lanceopes has a seasonal reproductive cycle, whereas all other Nematocarcinidae show asynchronous gonad development, uncoupled from seasonal cycles (Gorny and George, 1997) . The Penaeidea are the only group of decapods which spawn their eggs directly into the water column (Kaestner, 1993) . This strategy of reproduction, combined with the vertical migrations of many penaeid prawns (Abele, 1982; Briggs, 1995) , surely favours wide distribution ranges and uncoupling from the different environmental conditions that characterize the waters north and south the Antarctic Convergence. This may explain why most members of the pelagic decapod fauna are scattered throughout the entire area between the Subtropical Convergence and Antarctica.
Finally, the metabolism of the recent species may also influence the actual distribution patterns. First results on the Magnesium regulation of decapods indicate differences between caridean shrimps and brachyuran crabs (Pörtner, pers. comm.) . This effect is enhanced at low temperatures and may result in lower mobility of crabs, compared to the Caridea. Thus, future investigations, with a focus on life cycles, larval biology and animal physiology of the species living in the Magellan region and Antarctica, may provide useful information to understand the recent composition of the Southern Ocean decapod fauna.
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